The open reading frame B438L, located within the EcoRI B fragment of the African swine fever virus genome, is predicted to encode a protein of 438 amino acids with a molecular mass of 49n3 kDa. It presents a cell attachment RGD (Arg-Gly-Asp) motif but no other significant similarity to protein sequences in databases. Northern blot and primer extension analysis showed that B438L is transcribed only at late times during virus infection. The B438L gene product has been expressed in Escherichia coli, purified and used as an antigen for antibody production. The rabbit antiserum specific for pB438L recognized a protein of about 49 kDa in virus-infected cell extracts. This protein was synthesized late in infection by all the virus strains tested, was located in cytoplasmic virus factories and appeared as a structural component of purified virus particles.
More than half of the virus structural polypeptides remain to be assigned to particular genes, and many of them will be related to enzymatic activities associated with the virus particle (Ya! n4 ez et al., 1995) .
The present study was undertaken to investigate the properties of the B438L ORF, which encodes a protein containing a cell attachment RGD (Arg-Gly-Asp) motif (Ya! n4 ez et al., 1995) . The B438L ORF is located within the EcoRI B genomic fragment of the BA71V strain of ASFV and encodes a protein, designated pB438L, of 438 amino acids with a predicted molecular mass of 49n3 kDa. The hydropathy profile (Kyte & Doolittle, 1982) did not show any evidence of putative transmembrane domains or sites for post-translational modification (data not shown), and no significant similarity was found between the amino acid sequence predicted for pB438L and other proteins in the databases in comparison analysis performed with the FASTA program (Pearson & Lipman, 1988) .
Transcription of the B438L ORF was studied by Northern blot and primer extension analyses. The RNA samples were prepared by the TRI-Reagent (Molecular Research Center) method (Chomczynski, 1993) from mock-infected Vero cells, cells infected with ASFV (5 p.f.u. per cell, Vero cell-adapted BA71V strain) for 8 h in the presence of either 40 µg\ml cycloheximide (immediate-early RNA) or 100 µg\ml cytosine arabinoside (early RNA) and cells infected for 16 h in the absence of drugs (late RNA). Both the Northern blot and primer extension analyses were performed as described previously (Rodrı! guez et al., 1994) by using a $#P-end-labelled oligonucleotide (5h CGCAGCTCCATTTTTGTTGCCGCA-GTACCG 3h) complementary to nucleotides 112-141 of the coding strand of the B438L ORF. For Northern blots, 15 µg of each of the different RNAs was fractionated on formaldehydeagarose gels, transferred to nitrocellulose and hybridized to the $#P-labelled probe. For primer extension, after hybridization of the 5h-end-labelled primer to 20 µg of the different RNAs, the samples were extended with avian myeloblastosis virus reverse transcriptase for 2 h at 37 mC and then subjected to electrophoresis in 6 % polyacrylamide sequencing gels. The results of the RNA hybridization ( Fig. 1 a) revealed the existence of seven virus-induced late mRNA species, of 0n5, 1n0, 2n2, 2n5, 2n8, 4n2 and 5n5 kb, specifically recognized by the radioactive probe, while nothing was detected in the early mRNA samples. The results of the primer extension analysis revealed three primer-extended products in the late virus-induced RNA sample, with sizes of 147, 149 and 182 nucleotides ( Fig. 1 b) , which should correspond to late transcriptional initiation sites 6, 8 and 41 nucleotides, respectively, upstream of the initiation codon of the B438L ORF ( Fig. 1 c) . A motif composed of seven consecutive thymidylate residues (7T), identified as a signal for 3h-end formation of both early and late ASFV mRNAs (Almaza! n et al., 1992 (Almaza! n et al., , 1993 , was found 964 nucleotides downstream of the translation stop codon of the B438L ORF ( Fig. 1 c) . Termination at this 7T motif should yield a transcript of 2n3 kb, which corresponds to one of the fragments detected by Northern blot in the late RNA sample, while the other virus-induced mRNA species may correspond to transcripts of neighbouring ORFs (Fig. 1 d ) .
To facilitate the identification of pB438L, a specific polyclonal antiserum was raised against this protein. For this purpose, the B438L ORF was amplified by PCR, using as primers two oligonucleotides containing EcoRI and PstI restriction sites, cloned into the PstI\EcoRI-digested prokaryotic expression vector pRSET-A (Invitrogen) in frame with a multifunctional leader peptide containing a hexahistidyl sequence and used to transform cultures of E. coli BL21(DE3) pLysS (Studier, 1991) . One litre of a culture of cells bearing the recombinant plasmid pRSET-B438L was induced for expression for 3 h at 37 mC by the addition of 0n4 mM IPTG, lysed by sonication and analysed by SDS-PAGE. As shown in Fig.  2(a) , a protein band was detected in the IPTG-induced lysates (lane 2) emerging from the background of bacterial polypeptides (lane 1), with a size consistent with that calculated for the fusion protein (51n4 kDa). Protein pB438L was purified under denaturing conditions by using a Ni# + -affinity chromatography column (Qiagen) according to the manufacturer's instructions. After elution, the pB438L-enriched sample (Fig.  2 a, lane 3) was subjected to preparative SDS-PAGE in a 12 % gel. The protein band was visualized by incubation in 0n2 M imidazole and 0n1 % SDS for 7 min and in 0n2 M ZnSO % , sliced and used to immunize rabbits. Each animal received 150 µg protein per inoculation in Freund's complete (first dose) or incomplete (second and third doses, days 21 and 36) adjuvant. Ten days after the last injection, serum was prepared from defibrinated blood and titrated by ELISA (Douillard et al., 1980) . The expression of pB438L during ASFV infection was analysed by Western blot. Cultures of Vero cells, either mockinfected or infected with ASFV at an m.o.i. of 5 p.f.u. per cell, were collected in sample buffer (Laemmli, 1970) at different times after infection and electrophoresed (50 µg) in a 7-20 % polyacrylamide gel before transferring to nitrocellulose paper, as described elsewhere (Martı! nez-Pomares et al., 1997) . The membrane was incubated with anti-pB438L rabbit antiserum (diluted 1 : 500) and developed by the ECL detection system (Amersham). As shown in Fig. 2 (b) , a virus-induced protein with a molecular mass of about 49 kDa (named p49) was strongly and specifically recognized by the immune serum, with synthesis beginning at 12 h post-infection (p.i.) and accumulating throughout the virus infection cycle. The detection of p49 during the late phase of the infection and after the onset of viral DNA replication (8-10 h p.i.) correlated with the Northern blot and primer extension analysis. In order to confirm the characterization of p49 as an ASFV late protein, Vero cell cultures were infected with the BA71V strain of ASFV, in the presence or absence of cytosine arabinoside, and the corresponding extracts were analysed at late times of infection (18 h p.i.) by Western blot (Fig. 2 e) . The pB438Lspecific rabbit antiserum detected the induction of this protein only in the sample infected with virus in the absence of inhibitor.
To extend these studies to other virus isolates, we infected cultures of swine macrophages (the natural host cell) with a variety of ASFV strains, including the non-virulent BA71V strain, two virulent field isolates (E70, Kirawira 69) and two partially attenuated virus samples obtained by four (L4) or 104 (L104) passages of the original virus in swine monocytes. Mock-or virus-infected cells, collected at late times of infection in the presence or absence of cytosine arabinoside, were analysed by Western blot with the pB438L-specific rabbit antiserum. As shown in Fig. 2 (e) , all of the ASFV strains tested were able to induce p49 in swine macrophages when the infection was made in the absence of inhibitors of viral DNA replication. These results substantiate the conclusion that B438L ORF is present in all of the ASFV strains tested and that its expression generates a protein (p49) similar to that synthesized by the BA71V virus strain in Vero cells.
The subcellular localization of p49 within ASFV-infected cells was studied by indirect immunofluorescence. Cultures of Vero cells, either mock infected or infected with ASFV at an m.o.i. of 1 p.f.u. per cell, were washed at 16 h p.i., fixed in methanol at k20 mC for 5 min and air dried. After washing in staining buffer (1 % BSA in PBS), cells were incubated for 1 h at 37 mC with anti-pB438L rabbit antiserum diluted 1 : 100 in staining buffer, reacted with fluorescein-conjugated goat antirabbit serum and then incubated with 2 µg\ml bisbenzimide (Hoechst H33258) to stain the DNA. Samples were extensively washed after observation under a Zeiss Axiovert microscope. Immunofluorescence produced after staining with pB438Lspecific antibodies was located in discrete perinuclear cytoplasmic areas (Fig. 3 c) that corresponded to virus factories, as indicated by their co-localization with DNA-containing cytoplasmic foci (Fig. 3 d) . Viral DNA is replicated and accumulated at late times in the infection cycle in these areas, after a nucleusdependent early phase of viral DNA synthesis (Garcı! a- Beato et al., 1992 ; Rojo et al., 1999) , and ASFV morphogenesis also takes place (Breese & De Boer, 1966 ; Andre! s et al., 1997) . To confirm the presence of p49 within ASFV factories, immunoelectron microscopy was performed. Vero cell cultures infected with ASFV at an m.o.i. of 10 p.f.u. per cell for 20 h were fixed with 4 % formaldehyde and 0n1 % glutaraldehyde in 0n2 M HEPES (pH 7n2) and processed by freeze substitution as described previously . Cryo-sections were washed, incubated for 1 h with anti-pB438L serum and immunodetected with protein A-gold (15 nm) complexes (BioCell). As expected, most of the gold particles were detected in discrete cytoplasmic areas close to the nucleus, which contained electron-dense virus-like structures (Fig. 3 e, f ) .
The presence of p49 in virus factories indicates that the protein might be integrated into ASFV virions. To determine whether p49 was a structural component of the ASFV virion, samples of virus purified on Percoll gradients (Carrascosa et al., 1985) were electrophoresed on 7-20 % acrylamide gels and transferred to nitrocellulose. The detection of a protein band of about 49 kDa by the anti-pB438L serum (Fig. 2 c, lane T) suggested that p49 could be an integral component of the virus particle. However, this result could also reflect the presence of a minor contaminant in purified virus preparations, highlighted by the high specificity of the antiserum raised against the IP: 54.70.40.11
On: Fri, 28 Dec 2018 04:46:30 African swine fever virus protein p49 African swine fever virus protein p49 protein. To rule out this possibility, samples of purified ASFV were treated with the non-ionic detergent octyl glucoside (OG) at a concentration of 0n5 % for 1 h at 4 mC, to release the external components of the virus particle (Carrascosa et al., 1991) . A contaminant should remain outside the virion and would be found among the solubilized external components of the virus, in the supernatant of the centrifugation performed after the detergent treatment. Fig. 2 (c) shows that the antiserum against pB438L was able to detect p49 only in the fraction of subviral particles generated after OG treatment (lane SD) and not in the supernatant (lane SN). As a positive control, the external virus protein p35 was detected both in the untreated sample and in the supernatant (Fig. 2 d, lanes T and SN) , but not in the sediment (lane SD), when the nitrocellulose membrane was incubated with a rabbit antiserum specific for p35 . The detection of an intense p49-specific signal in highly purified subviral particles, together with the observation of this protein in virus factories, either by GD immunofluorescence or immunoelectron microscopy, strongly supports the conclusion that p49 is an integral component of the ASFV particle. The characterization of virus proteins as structural components of the virion is important not only to identify elements involved in certain virus functions (typically the attachment, internalization or fusogenic activities can be accomplished only by polypeptides present in the virus particle) but to achieve a better understanding of the processes occurring during the virus infection cycle. In the case of ASFV, besides the 15 structural proteins already described (Ya! n4 ez et al., 1995) , recent reports present evidence of virus proteins or components of uninfected cell membranes that are localized by immunofluorescence and immunoelectron microscopy on membranelike structures within the virus factory and on virus particles (Brookes et al., 1998 ; Webb et al., 1999) . Further efforts are still needed to complete a catalogue of ASFV structural components. In this report, we have characterized an ASFV protein, p49, induced late in infection, as an integral polypeptide of the virion. The role of this protein during the infection cycle is far from clear. The presence of p49 in the virus particle in an unexposed position (protected from detergent treatment) should indicate that this protein is not involved in the early interaction of ASFV with host-cell membranes ; accordingly, the rabbit serum specific for p49 was not able to reduce binding of ASFV or infectious virus yield on Vero cells or swine macrophages, in experiments in which monolayers were preincubated and maintained during virus production in the presence of the antiserum (data not shown). The study of the possible involvement of p49 in other steps (e.g. virus uncoating, morphogenesis, RGD-mediated apoptosis of infected cells) of virus infection will provide more information about the functions of the ASFV structural components during the virus cycle.
